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Summary  of  Research  Activities 

This  has  been  an  extremely  active  period  in  our  research.  We  have  had  seven  papers 
published  recently  and  also  have  written  six  preprints  which  are  submitted  for  publication.  The 
lists  are  attached.  Our  research  activities  are  briefly  described  below. 

—  We  are  continuing  our  research  in  the  development  of  the  Inverse  Scattering  Transform 
(1ST).  1ST  is  a  method  which  slows  one  to'solve  nonlinear  wave  equations  by  solving  certain 
related  direct  and  inverse  scattering  problems.  Research  is  really  two  pronged.  It  is  necessary 
for  us  to  understand  and  effectively  solve  both  classical  and  new  direct  and  inverse  scattering 
problems.  We  use  these  results  to  find  solutions  to  nonlinear  wave  equations  much  like  one 
uses  Fourier  analysis  for  linear  problems.  Moreover  the  nonlinear  wave  equations  arise 
naturally  in  physical  problems.  We  are  particularly  interested  in  fluid  dynamical  applications. 

Although  original  descoveries  employed  1ST  in  one  spatial  dimension,  we  have 
developed  effective  procedures  to  carry  forth  the  method  for  multidimensional  problems.  In 
one  spatial  dimension  solving  the  inverse  scattering  problem  requires  one  to  solve  a  vector 
Riemann-Hilbert  boundary  value  problem.  In  multidimensions  we  have  shown  that  the  DBAR 
method  is  essential  to  solve  the  increase  problem.  In  a  special  case  it  reduces  to  a  Riemann- 
Hilbert  problem  (sometimes  a  nonlocal  Riemann-Hilbert  problem).  The  method  applies  to  the 
the  multidimensional  Schrodinger  scattering  problem  (i.e.  the  Helmboltz  equation)  higher  order 
scalar  differential  operators,  multidimensional  first  order  systems  and  even  discrete  equations 
i.e.  difference  equations.  The  multidimensional  DBAR  method  is  an  extremely  powerful 
method  to  analyze  and  solve  inverse  scattering  problems.  The  DBAR  method  was  orignally 
conceived  as  pan  of  an  earlier  grant  by  ONR  to  the  P.I.  We  have  extended  the  DBAR  method 
to  solve  a  variety  of  novel  and  important  inverse  scattering  problems  in  multidimensions.  (  v  V 

Employing  1ST  we  have  been  able  to  find  new  solutions  to  physically  interesting 
multidimensional  nonlinear  wave  equations.  The  method  requires  a  proper  specification  of 
boundary  conditions.  Different  types  of  boundary  conditions  lead  to  different  inverse 
transforms  and  different  solutions.  Important  amongst  these  solutions  are  coherent  structures  - 

-  which  in  multidimensions  are  rapidly  decaying  in  all  directions.  In  order  to  understand  how 
the  coherent  structures  arise  it  is  necessary  to  also  study  the  original  governing  physical 
equations  and  show  how  the  proper  specification  of  boundary  values  is  transferred  to  the  1ST 
solutions.  Applications  include  surface  and  ocean  waves. 

We  have  also  been  studying  a  class  of  physically  important  forced  nonlinear  wave 
equations.  In  this  case  the  solution  structure  is  rather  complicated  -  but  nevertheless  can  be 
developed  by  the  1ST  method.  Applications  include  the  evolution  of  long  nonlinear  waves  in 
the  presence  of  moving  pressure  distributions.  Other  natural  applications  to  consider  are 
problems  of  wind-surface  wave  interactions. 

Finally,  although  the  intention  of  this  research  program  is  primarily  analytical,  we  have 
very  interesting  results  which  have  application  to  numerical  computation.  Specifically  we  have 
shown  that  “standard”  numerical  schemes  frequently  have  solutions  which  exhibit  spurious 
chaos.  Moreover  we  have  used  the  1ST  method  to  construct  new  numerical  schemes  which 
remain  computationally  accurate  for  long  times.  In  order  to  obtain  these  results  it  is  necessary 
for  us  to  solve  certain  discrete  inverse  scattering  problems.  The  direct  and  inverse  scattering  of 
difference  equations  is  an  extremely  important  area  of  study  on  its  own.  We  are  continuing  our 
studies,  by  analytical  methods,  of  discrete  inverse  scattering  problems  in  both  one  and 
multdimensions. 
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